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ESTIMATED  CASUALTY  PRODUCTION  IN  BUILDINGS 
FOR  THREE  DEGREES  OF  STRUCTURAL  DAMAGE 


Percent  of  Personnel* 


- 

Degree 

of 

Structural 

damage 

Killed 

outright 

Seriously 

injured 

(hospitalization 

indicated) 

Lightly- 

injured 

(hospitalization 
not  indicated) 

1-  and  2- story 

Severe 

25 

20 

10 

Brick  Homes 

Moderate 

<5 

10 

5 

(high -explosive 
data  from  England) 

Light 

0 

<5 

<5 

Reinforced -con¬ 

Severe 

100 

0 

0 

crete  Buildings 

Moderate 

10 

15 

20 

(nuclear  data  from 
Japan) 

Light 

<5 

<5 

15 

*T* 

These  percentages  do  not  include  the  casualties  that  might  result  from 
fires,  asphyxiation,  and  failure  to  extricate  trapped  personnel.  The 
numbers  represent  the  estimated  percentages  of  casualties  expected  at 
the  maximum  range  at  which  a  specified  structural  damage  occurs. 

(Table  Modified  from  Reference  3,  ) 
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Bank  of  Japan,  Hiroshima  Branch,  Room  I ,  Third  Floor(floor  38' above  ground) 
Range  to  ground  zero:  .242  mi.  Max.  incident  overpressure :  1 7  psi 

Nuclear  Radiatiom  I04rads  Thermal  Radiation:  60cal/cm2 

Z  2 

Window  area/(room  vol)s  =  .265  Door  area/(room  vol)3  =  .158 
Survival  time  indicated.  rmmale  f:  female 


M:  mechanical  injury,  degree  unknown 
MM:  moderate  mechanical  injury 
SM:  severe  mechanical  injury 
B:  burns,  degree  unknown 


MR:  moderate  radiation  injury 
SR:  severe  radiation  injury 
U:  unknown  type  of  injury 
?=  unknown  fate 


(Fate  of  the  Occupants  of  Room  1  ,  Third  Floor 
of  the  Hiroshima  Branch  of  the  Bank  of  Japan 
Figure  from  Reference  6.) 
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WINDOWS  6.25*  HIGH 

Bank  of  Japan,  Hiroshima  Branch,  Room  3,  Third  Floor  (floor  38‘ above  ground) 

Range  to  ground  zero:.242mi.  Max.  incident  overpressure :  I7psi 

Nuclear  Radiation1 104rads  Thermal  Radiatiorv  60cal/cm2 

2  2 

Window  area/(room  vol)5  =  .231  Door  area/(room  vol)3  = .  133 


Survival  time  indicated.  Age  at  time  of  burst  indicated  where  known. 


MM:  moderate  mechanical  injury 
SM:  severe  mechanical  injury 
SB:  severe  burns 
?■  unknown  fate 


MR:  moderate  radiation  injury 
SR:  severe  radiation  injury 
U:  unknown  type  of  injury 
m:  male  i  f:  female 


(Fate  of  the  Occupants  of  Room  3,  Third  Floor 
of  the  Hiroshima  Branch  of  dlie  Bank  of  Japan 
Figure  from  Reference  6.  ) 
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(  LD50  Conditions  for  Guinea  Pigs  in  Various  Orientations. 
Measurements  Were  Made  at  Ambient  Pressure  of  12  Psia 
Figure  from  Reference  21.) 
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Scaled  reflected  overpressure  which  will  result  in  50  percent  mortality  when  various  animals 
are  exposed  away  from  the  end-plate  of  a  closed  shock  tube  vs  scaled  time  between  the  arrivals 
of  the  incident  and  reflected  waves.  (Figure  from  Reference  14.  ) 


ld50 -incident  shock  pressure  for  guinea  pigs 

LOCATED  IN  CHAMBERS  ON  A  SHOCK  TUBE 
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LD50  Pressure,  psi 


(Figure  from  Reference  24.  ) 
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Mortality  in  Relation  to  the  Incident  Shock  Pressures  for 
Rats  in  One-Seventh  Scale  Models  of  a  5-  x  7-Ft  Bunker, 
(a)  Rats  vertical  near  the  side  and  downstream  walls;  (b) 
Rats  prone  at  the  upstream  and  downstream  walls;  (c) 
Rats  vertical  in  corner.  (Figure  From  Reference  23.) 
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PEAK  PRESSURE,  psi 


TIME  TO  PEAK,  msec 


Distribution  of  Blast  Injuries  in  Dogs  in  Relation  to  Peak 
Pressure  and  Time  To  Peak  Pressure.  ©  ,  lung  hemorrhage;  s,  sinus 
hemorrhage;  other  n-n  or  n+n  symbols  are  for  degrees  of  ear  injury 
as  follows:  ,,-M  indicates  eardrums  intact;  f,hM  indicates  hemorrhage. 
M  +  1»M  "+2,  11  and  ,,+3u  indicate  eardrums  less  than  25%  destroyed, 
between  25  and  50%,  and  greater  than  50%  destroyed,'  respectively. 
,,+4n  indicates  greater  than  50%  destroyed  with  malleus  fractured  or 
disrupted.  (Figure  from  Reference  22.  ) 
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VARIOUS  BIOLOGICAL  EFFECTS  OF  MISSILES 
(Figure  from  Reference  10.) 


Positions  of  the  Whole,  Half,  and  Joined  Blocks 
n=  155  (includes  172^  blocks) 


(Spatial  distribution  of  the  larger  fragments  [  whole,  half,  and  joined  blocks]  fj 
wall  exposed  to  a  blast  wave  with  a  peak  overpressure  of  8.  7  psi  and  a  duratio 
580  msec.  Figure  from  Reference  12.) 
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Data  from  Reference  5.  ) 
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LARGE  STONE  DISPLACEMENTS 
AT  STATION  20 P 
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(Displacements  of  large  stones  exposed  to  a  precursor -type  blast 
wave  with  a  peak  overpressure  of  15  psi  and  a  duration  of  610  msec. 
Data  from  Reference  5.  ) 


Floor  plan  of  reinforced  concrete -block  house,  4700-ft  range.  Traps 
3G10af  b  and  c,  and  3Glla,  b,  d  and  e  all  have  type  I  absorbers.  The  bedroom 
window  opposite  traps  3G10a,  b  and  c  is  3  ft  7  in.  above  the  floor,  has  nine  11.5- 
by  23. 5-in.  panes,  and  is  6  by  3  ft.  The  living-room  window  opposite  traps 
3Glla,  b,  d  and  e  is  2  ft  7  in.  above  the  floor,  has  twenty  11.5-  by  23. 5-in.  panes, 
and  is  10  by  4  ft.  (Figure  from  Reference  5.  ) 


53  Human  Free-Fall  Cases  from  Lewis  et  al. ,  1965 
(Impact  with  concrete) 


Impact  Velocity ,  ft/sec 

(Figure  from  Reference  18.) 


RESULTS  OF  PROBIT  ANALYSIS  RUN  ON  IMPACT  DATA 


Species 

(Number  dying/ 
number  exposed) 


Mean 

Body 

Mass, 

kg 


Impact  Velocities  in  ft/sec  Resulting  in  1,  50 
and  99%  Mortality 
(with  95%  confidence  limits) 


V, 

vrrt 

V  ~ 

1 

50 

99 

I 

rj 

Mouse 

0.0198 

30.  0 

39.  1 

50.9 

o 

2 

(44/113) 

(28.  1,  31.5) 

(37.8,  40.4) 

(48.4,  54.5) 
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(Table  Modified  from  Reference  18.  ) 
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TENTATIVE  CRITERIA  FOR  INDIRECT  (TERTIARY) 
BLAST  EFFECTS  INVOLVING  IMPACT 


Condition, 

Critical  Organ, 
or  Event 

Related  Impact 
Velocity, 
ft/sec 

Standing  Stiff -Legged  Impact 

Mostly  nsafen 

No  significant  effect 

<8  (?) 

Severe  discomfort 

8-10 

Injury 

Threshold 

10  -  12 

Fracture  threshold 
(heels,  feet  and  legs) 

13  -  16 

Seated  Impact 

Mostly  "safe" 

No  effect 

<8  (?) 

Severe  discomfort 

8-14 

Injury 

Threshold 

15  -  26 

Skull  Fracture 

Mostly  "safe" 

10 

Threshold 

13 

50  per  cent 

18 

Near  100  per  cent 

23 

Total  Body  Impact 

Mostly  "safe" 

10 

Lethality  threshold 

21 

Lethality  50  per  cent 

54 

Lethality  near  100  per  cent 

140 

(Table  Modified  from  Reference  25.  ) 
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Total  Displacement  of  Center-of-  mass  of  Dummy,  ft 
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p  DUMMY  PRONE  PERPENDICULAR  TO  WIND  ^  / 

g  GOAT  PRONE  PERPENDICULAR  TO  WIND  L.~ 

s  \oo-  /u  J 


O  DIAL  PACK,  500  TONS  HE 
□  DISTANT  PLAIN,  50  TONS  HE* 

a  SNOWBALL  u  sj500TONS  HE 
v  SNOWBALL  U.K.) 
o  PRISCILLA,  38  KT  NUCLEAR* 


80 


^MEASURED  DISPLACEMENTS  ^ 
ADJUSTED  TO  500  TONS  C?  , 


Co 

vF  60- 

o' 

&  50"' 


PREDICTED  DISPLACEMENT  AND  O 
VELOCITY  QURVES  WERE 
COMPUTED  WITH  THE 
TRANSLATIONAL  MODEL 
USING  THE  INDICATED  ~<27 
ACCELERATION  ^ 

COEFFICIENTS  (o's).  J 


c\jf  ' 

8/ 

?// / 

i/\0  > 


Vy 

/$/ 

iL' 


§ 

Of 

tt  / 
<>/ 


Peak  Overpressure,  psi 


40  50 


(Comparison  of  Measured  and  Predicted  Displacements 
of  Dummies  Exposed  to  a  500-Ton  HE  Surface  Burst. 
Figure  from  Reference  15.) 
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Postshot  view  of  the  absorbing  wall  in  the  underground  shelter. 
(Figure  from  Reference  11.) 


32 


Postshot  view  of  the  missile -absorbing  material  in  the  underground  shelter.  The 
foil  had  been  removed  and  the  impact  locations  of  the  spheres  marked. 


ATA  FOR  SPHERES 
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Height  Above  Floor,  ft 


NATURAL  STONE  SPATIAL  DISTRIBUTION,  OPS 


Spatial  distribution  of  natural-stone  missiles  recovered  from 
the  underground  shelter.  Numbers  indicate  missiles  per 
square  foot.  (Figure  from  Reference  11.) 
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Height  Above  Floor,  ft 


NATURAL  STONE  VELOCITIES,  OPS 


Ispmetric  View  of  the  Two-Windowed, 
Chamber 


Overhead  View  of  ^ 
the  Lower  Half  of 
the  Chamber 


m 


777ZZZZ 


.The  Translation  Data  Apply 
to  a  Man  Initially  Standing 
Upright  at  this  Position 


5.W 


T  EZ3 


Direction  of  Propogation  of 
the  Incident  Shock  Wave 


volume  _  1 0.  2x14.  8x14.  8 
area  ~  2x  [4.  93  x  3.29] 


=  69  ft. 


Note:  All  dimensions  are  in  feet  and  apply  to  a  70  kg  man  in  the  full-scale 

situation.  The  dimensions  and  times  were  scaled  from  experiments  with 

1  /3 

0.53  kg  monkeys;  scaling  factor  (70  kg/0.53  kg)  '  =5.1 

(Figure  from  Reference  16.)  _  37  _ 


DATA  OBTAINED  WITH  MONKEYS  IN  THE  TWO-WINDOWED  CHAMBER 
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MAIN  TUNNEL  SHOCK  OVERPRESSURE,  P8 ,  PSI 


INCIDENT  vs.  TRANSMITTED  SHOCK  OVERPRESSURE  FOR  TUNNEL 
JOINED  TO  AN  EQUAL  AREA  TUNNEL  (Figure  from  Reference  1.  ) 


SECTION  A-A 


PRESSURE,  PSI 


0  1  2  3  4  5  6  7  8  9  to  II  12 


TIME,  MS 

Condition  IV  vave  form 
(Figure  from  Reference  2.  ) 
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NOTE:  PERCENTAGES  SHOWN  REFER  ENTRANCE  4x8  ( 

TO  PERCENT  OF  TOTAL  FLOOR  HEIGHT  OF  ROOM  -  10 
SPACE.  V/A  =  439  FT. 

~  s  82.5  MSEC 

Ai 


SHOCK  WAVE  DIRECTION 


HVITH  BAFFLE 
UNSAFE 
P$  =  20.9  PS  I 


^-NO  BAFFLE 
UNSAFE 
P5=  5.0  PSI 


NO  BAFFLE 
UNSAFE 
Ps=  10.5  PSI 


NO  BAFFLE 
UNSAFE 
PgS  20.9  PSI 


Full-Size  Room  for  Model  25-A 

(Figure  from  Reference  7.) 
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TIME  (  MILLISECONDS) 


Fill  history  for  side-on  incidence 

(Figure  from  Reference  19.) 
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THEORETICAL  PEAK  DYNAMIC  PRESSURE 


Impact  Velocity  against  Reflecting  Surface,  ft/sec 


168-LB  MAN  STANDING  BROADSIDE  TO  WIND 


Computed  impact  velocity  of  a  man  standing  broadside 
(  a  =  0.  052  ftS/lb)  to  the  winds  associated  with  a  square 
wave,  as  a  function  of  overpressure  and  the  initial 
distance  of  the  man  from  the  vertical  surface  reflecting 
the  blast  wave  at  normal  incidence. 

(Figure  from  Reference  11.) 
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Impact  Velocity  against  Reflecting  Surface,  ft/sec 


168-LB  MAN  CROUCHING  BROADSIDE,  STANDING 
SIDEWISE,  OR  PRONE  PERPENDICULAR  TO  WIND 


Impact  velocity  of  a  man  crouching  broadside 
sidewise,  or  prone  perpendicular  (  a  =  0.021 
the  winds  associated  with  a  square  wave,  as  a  function 
of  overpressure  and  the  initial  distance  of  the  man  from 
the  vertical  surface  reflecting  the  blast  wave  at  normal 
incidence.  (Figure  from  Reference  11.) 


,  standing 
ft2/ lb)  to 
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Impact  velocity  of  a  man  prone  aligned  (  a  =  0.  0063  ft2/ lb) 
with  the  winds  associated  with  a  square  wave,  as  a  function 
of  overpressure  and  the  initial  distance  of  the  man  from  the 
vertical  surface  reflecting  the  blast  wave  at  normal  incidence. 

(Figure  from  Reference  11.) 
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Computed  flow  past  a  rectangular  rod  showing  the  development  of  the  Von 
Vortex  Street,  after  Harlow  and  Fromm.  (Figure  from  Reference  17.  ) 


I 

* 


REFERENCES 


1.  "Information  Summary  of  Blast  Patterns  in  Tunnels  and  Chambers,  " 
2nd  ed.  ,  Memorandum  Report  No.  1390,  DASA  Report  No.  1273, 
Ballistic  Research  Laboratories,  Aberdeen  Proving  Ground, 
Maryland,  March  1962. 

2.  "Attenuation  of  Airblast  in  Protective  Structures,  "  Miscellaneous 
Paper  No.  1-608,  U.  S.  Army  Engineer  Waterways  Experiment 
Station,  Corps  of  Engineers,  Vicksburg,  Mississippi,  November 
1963. 

3.  "Capabilities  of  Nuclear  Weapons  [u]  ,  "  revised  edition,  TM23- 
200.  .  .  ,  prepared  by  Defense  Atomic  Support  Agency,  Departments 
of  the  Army,  the  Navy,  and  the  Air  Force,  Washington,  D.  C.  , 
November  1964.  [Currently  under  revision.]  (Confidential) 

4.  Bowen,  I.  G. ,  R.  W.  Albright,  E.  R.  Fletcher  and  C.  S.  White, 

"A  Model  Designed  to  Predict  the  Motion  of  Objects  Translated 
by  Classical  Blast  Waves,  "  Civil  Effects  Test  Operations  USAEC 
Report  CEX-58.  9,  1961. 

5.  Bowen,  I.  G.  ,  M.  E.  Franklin,  E.  R.  Fletcher  and  R.  W.  Albright, 
"Secondary  Missiles  Generated  by  Nuclear  Produced  Blast  Waves,  " 
USAEC  Civil  Effects  Test  Group  Report  WT-1468,  1963. 

6.  Bowen,  I.  G.  and  Staff,  Lovelace  Foundation  for  Medical  Education 
and  Research,  Albuquerque,  New  Mexico,  Unpublished  Data. 

7.  Coulter,  G.  A.  ,  "Flow  in  Model  Rooms  Caused  by  Air  Shock 
Waves,  "  Memorandum  Report  No.  2044,  Ballistic  Research 
Laboratories,  Aberdeen  Proving  Ground,  Maryland,  July  1970. 

8.  Davis,  L.  W.  ,  W.  L.  Baker  and  D.  L.  Summers,  "Analysis  of 
Japanese  Nuclear  Casualty  Data,  "  USNRDL-TRC-46,  DC-FR- 
1054,  sponsored  by  the  Office  of  Civil  Defense,  Office  of  the 
Secretary  of  the  Army,  through  Technical  Management  Office, 

U.  S.  Naval  Radiological  Defense  Laboratory,  Dikewood  Corpor¬ 
ation,  Albuquerque,  New  Mexico,  April  1966. 

9.  Edmunds,  J.  E.  ,  C.  K.  Wiehle,  and  K.  Kaplan,  "Structural 
Debris  Caused  by  Nuclear  Blast,  "  Research  Report  URS  63  9-4, 

URS  Corporation,  Burlingame,  California,  October  1964. 

10.  Feinstein,  D.  I.,  W.  F.  Heugel,  M.  L.  Kardatzke,  and  A. 
Weinstock,  "Personnel  Casualty  Study,  "  IITRI  Project  No. 

J6067,  Final  Report,  II T  Research  Institute,  Technology  Center, 
Chicago,  Illinois,  July  1968. 

11.  Fletcher,  E.  R.,  "Translational  Problems  in  Shelters,  "  (in 
press).  Presented  at  the  Fifth  Meeting  of  Panel  N-l  (Biomedical), 
Sub-Group  N,  Tripartite  Technical  Cooperation  Program,  1965. 


-  51  - 


12. 


Fletcher,  E.  R.  and  I.  G.  Bowen,  "Blast-Induced  Translational 
Effects,"  Technical  Progress  Report,  DASA-1859,  Defense 
Atomic  Support  Agency,  Department  of  Defense,  Washington, 

D.  C.  ,  November  1966.  Subsequently  published  in  Ann.  N.  Y. 
Acad.  Sci.  152:  378-403,  October  28,  1968. 


13.  Fletcher,  E.  R.  ,  D.  R.  Richmond,  I.  G.  Bowen  and  C.  S.  White, 

"An  Estimation  of  the  Personnel  Hazards  from  a  Multi-ton  Blast 
in  a  Coniferous  Forest,  "  Technical  Progress  Report,  DASA-2020, 
Defense  Atomic  Support  Agency,  Department  of  Defense,  Washington, 
D.  C. ,  November  1967. 

14.  Fletcher,  E.  R.  ,  "A  Model  to  Simulate  Thoracic  Responses  to 
Air  Blast  and  to  Impact,  "  to  appear  in  the  Proceedings  of  the 
Symposium  on  Biodynamic  Models  and  Their  Applications,  Dayton, 
Ohio,  October  26-28,  1970. 


15.  Fletcher,  E.  R.  ,  D.  R.  Richmond  and  R.  K.  Jones,  "Blast 
Displacement  of  Dummies  in  Open  Terrain  and  in  Field  Fortifications,  " 
to  appear  in  the  Proceedings  of  the  Dial  Pack  Symposium,  National 
Library  and  Archives  Building,  Ottawa,  Canada,  March  30- 

April  1,  1971.  Final  DASA  Report  in  preparation. 

16.  Fletcher,  E„  R.  and  Staff,  Lovelace  Foundation  for  Medical 
Education  and  Research,  Albuquerque,  New  Mexico,  Unpublished 
Data. 


17.  Harlow,  F.  H.  and  J.  E.  Fromm,  "Computer  Experiments  in 
Fluid  Dynamics,  "  Sci.  Amer.  212:  104-1Q9,  1965. 

18.  Jones,  R.  K.  ,  D.  R.  Richmond  and  E.  R.  Fletcher,  "A  Re¬ 
appraisal  of  Man's  Tolerance  to  Indirect  (Tertiary)  Blast  Injury,  " 

In  the  Proceedings  of  Panel  N-5,  Subgroup  N  of  the  Technical 
Cooperation  Program  Working  Group  on  Therapy  Regimes, 
meeting  in  London,  April  16-18,  1969. 

19.  Melichar,  J.  F.  ,  "The  Propagation  of  Blast  Waves  into  Chambers," 
Memorandum  Report  No.  1920,  Ballistic  Research  Laboratories, 
Aberdeen  Proving  Ground,  Maryland,  March  1968. 

20.  Richmond,  D.  R.  ,  R.  V.  Taborelli,  I.  G.  Bowen,  T.  L.  Chiffelle, 

F.  G.  Hirsch,  B.  B.  Longwell,  J.  G.  Riley,  C.  S.  White,  F. 
Sherping,  V.  C.  Goldizen,  J.  D.  Ward,  M.  B.  Wetherbe,  V.  R. 
Clare,  M.  L.  Kuhn,  and  R.  T.  Sanchez,  "Blast  Biology--A  Study 
of  the  Primary  and  Tertiary  Effects  of  Blast  in  Open  Underground 
Protective  Shelters,  "  Operation  Plumbbob  WT-1467,  USAEC  Civil 
Effects  Test  Group,  1959. 

21.  Richmond,  D.  R. ,  E.  G.  Damon,  E.  R.  Fletcher,  I.  G.  Bowen,  and 
C.  S.  White,  "The  Relationship  Between  Selected  Blast-Wave 
Parameters  and  the  Response  of  Mammals  Exposed  to  Air  Blast,  " 
Technical  Progress  Report  DASA -I860,  Defense  Atomic  Support 
Agency,  Department  of  Defense,  Washington,  D.  C.  ,  November  1966. 
Subsequently  published  in  Ann.  N.  Y.  Acad.  Sci.  152:  103-121, 
October  28,  1968. 


-  52  - 


22.  Richmond,  D.  R.  and  D.  E.  Kilgore,  Jr. ,  "Blast  Effects  Inside 
Structures,  "  to  appear  in  Proceedings  of  Second  Conference  on 
Military  Applications  of  Blast  Simulators,  Naval  Weapons  Labor¬ 
atory,  Dahlgren,  Virginia,  2-5  November  1970. 

23.  Richmond,  D.  R.  ,  E.  R.  Fletcher,  and  R.  K.  Jones,  "Blast  Pro¬ 
tection  Afforded  by  Foxholes  and  Bunkers,  "  Final  DASA  report  in 
preparation;  abridged  version  to  appear  in  the  Proceedings  of  the 
Dial  Pack  Symposium,  National  Library  and  Archives  Building, 
Ottawa,  Canada,  March  30 -April  1,  1971. 

Sm+r 

24.  Richmond,  D.  R.  and  Staff,  Lovelace  Foundation  for  Medical 
Education  and  Research,  Albuquerque,  New  Mexico,  Unpublished 
Data. 

25.  White,  C.  S. ,  I.  G.  Bowen  and  D.  R.  Richmond,  "Biological  Toler¬ 
ance  to  Air  Blast  and  Related  Biomedical  Criteria,  "  Civil  Effects 
Test  Operations  USAEC  Report  CEX-65.4-,  1965. 

26.  Longinow,  A.,  J.  Kalinowski,  C.  A.  Kot,  and  F.  Salzberg,  "  Civil 

Defense  Shelter  Options,  "  IITRI  Project  No.  J6144,  Interim  Report, 
IIT  Research  Institute,  Engineering  Mechanics  Division,  Chicago, 
Illinois,  November  1970. 


-  53  - 


